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Abstract 
           The aim of this contribution is to find out the influence of thermal treatment and small cold work on the 
microstructure and mechanical properties in the cross section of the EN AW 2618A  Al – alloy. Four types of 
secondary particles were identified in the experimental alloy. Major portion in secondary particles is occupied by 
Al3NiFe particles, which are up to 5 µm large. Secondary particles Al3NiFe and AlCuNi are not soluble enough 
during the thermal treatment. The strength properties of the experimental Al - alloy are influenced most of all by 
precipitation hardening - ageing.  The thermal treatment containing solution annealing and next artificial ageing 
increased the tensile strength 52% above the prime state value. The combined treatment containing solution 
annealing, cold work and artificial ageing resulted the increase of strength 59.4 %. 
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1. Introduction 
        The  Al-alloy  EN  AW  2618A  (AlCu2Mg1, 
5Ni) belongs  to  the  group  of  alloys  intended  for 
shaping.  They  can  be  hardened  by  precipitation 
ageing. The alloy is used for forged parts in aviation 
e.g.  for  airplane  engine  compressor  disks  and  for 
forged  parts  in  machinery  [1,2].   The  advantage  of 
this alloy, compared to other alloys (AA 2014, AA 
2214)  the  later  also  frequently  used  for  these 
applications, is the stability of mechanical properties 
after heating even over  100 °C due to the Ni and Fe 
content. Ni is added into Al-Cu and Al-Si alloys to 
increase  the  mechanical  properties  at  higher 
temperatures,  to  decrease  the  thermal  dilatation 
coefficient,  and  to  increase  corrosion  resistance. 
The solubility of Ni in the solid solution αAl is about 
0.04 %. Fe is added into Al-Cu-Ni alloys with the aim 
to  increase  corrosion  resistance  in  steam  at  higher 
temperatures.  The  solubility  of  Fe  in  the  αAl  solid 
solution is very low, too (about 0.03 %), and for this 
reason it is in Al - alloys in the form of intermetallic 
compounds.  Intermetallic  particles  based  on  Fe  are 
increasing strength, but if they are to coarse in size, 
they decrease rapidly the plasticity and ductility [3,4]. 
          Al - alloys 2618A contain (compared to 2618) 
the addition of Mn (max. 0.4 %) and  Zr (from 0.1 to 
0.25 %) in order to control the grain size.  
The  production  technology  of  parts  made  of 
this alloy is the following: 
1.casting  of  ingots,  2.  homogenization  annealing  of 
castings at a maximum possible temperature, which is 
limited  by  the  melting  temperatures  of  unstable 
eutectics, with the aim to obtain uniform distribution 
of solved elements in the solid solution, 3. forging or 
pressing  the  ingots,  4.  solution  annealing,  with  the 
aim to solve the coarse particles in the solid solution, 
5.  water  quenching  with  the  aim  to  obtain  an 
oversaturated  solid  solution,  6.  small  cold  work  - 
plastic deformation from 1 to 5 %, 7. artificial ageing.  
The  role  of  the  small  coldwork  is  to  reduce  the 
internal stress fields, though it influences the ageing 
processes and mechanical properties, too. 
The  mechanical  properties  of  forgings  and 
products made of the given alloy depend on the hot 
forging  conditions  and  on  the  hardening  thermal 
treatment. The mechanical properties values obtained 
in  the  produced  part  are  strongly  dependent  on  the 
location and orientation of cut out test pieces. In work 
[5]  in  the  given  results  there  are  differences  in 
mechanical properties for a forging made of alloy EN 
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AW 2618A, though the specimens were of the same 
orientation. Tensile test specimens were of the same 
orientation, but the forging orientation was variable. 
The lowest values for mechanical properties and more 
pronounced for ductility and reduction of area were 
measured  in  specimens  with  a  perpendicular 
orientation to the forging fibres. 
The aim of this contribution is to find out the 
influence of thermal treatment and small cold work on 
the  microstructure  and  mechanical  properties  in  the 
cross section of the EN AW 2618A  Al - alloy bars.  
 
2. Experimental  material  and  test methods  
          The experimental alloy casting was extruded at 
elevated temperature to a bar with a cross section 80 x 
80 mm.  The  bars  were  heat  treated  by  the  T6 
technology:    solution  annealing  at  535  °C/  holding 
time 6 hours./ cooling in water 20 °C,  and artificial 
ageing 195 °C/ 24 hours/ cooling in air. To detect the 
influence of the small cold work the next specimens 
were treated by technology  T652:  solution annealing 
at  535  °C/  holding  time  6  hours./  cooling  in  water 
20 °C,  cold  work by compression in a press,  and 
artificial  ageing  195  °C/  24  hours/  cooling  in  air. 
The chemical composition of the experimental alloy is 
in Tab. 1. 
 
 Tab. 1 
Chemical composition (in wt. %) 
Cu  Mg  Ni  Fe  Mn  Si  Ti  Zn  Al 
2.65  1.73  0.86  0.9  0.06  0.16  0.04  0.06   rest 
 
Test pieces for tensile tests were cut out in the 
longitudinal  direction  (to  the  direction  of  hot 
extrusion)  and  the  specimens  for  microscopy  were 
oriented  the  way  that  the  examined  surfaces  were 
perpendicular to the direction of hot extrusion. 
 
       Specimens  for  metallography  were  fixed  in 
Dentacryl  and  ground  and  polished  first  on  emery 
cloth DP-Mol with diamond paste and then on emery 
cloth  OP-Chem  (porous  neopren)  with  a  polishing 
suspension OP-S Suspension. Chemical etching was 
applied in the mixture: 0.5 ml hydrofluoric acid  1.12 
+ 1.5 ml hydrochloric acid 1.19 + 2.5 ml nitric acid 
1.4  +  99.5  ml  distilled  water.  The  etched 
microstructure  as  well  as  the  one  before  etch,  was 
stored in digital files by a Polaroid camera connected 
directly  to  the  Neophot  32  light  microscope. 
The microstructure and EDX analysis were examined 
on electron microscope SEM  JEOL – 7000 F, too. 
       Static  tensile  tests  were  tested  on  round  test 
pieces with threaded heads. The yield strength  Rp0.2 
was calculated from the stress - strain diagram made 
at 200:1 elongation magnification, using an induction 
extensometer, for tested length Lo = 40 mm. Brinell 
hardness  tests  were  applied  with  a  ball  diameter 
5 mm,  force 2452 N and load time 10 s. 
 
3. Results  
        The  prime  microstructure  after  hot  extrusion  is 
shown  in  Fig.  1.  In  the  picture  three  types  of 
intermetallic particles are visible. The most frequent are 
the grey particles labeled A.  They are in size 1 ÷ 5  m 
and they are structured, they have bands. According to 
the surface EDX analysis made (Tab. 2) it is possible to 
say,  they  are  intermetallic  particles  of  type  Al3NiFe, 
which  are  formed  during  the  eutectic  reaction.  They 
cannot  take  part  in  precipitation  hardening  because 
of the low solubility of  Ni or  Fe in the solid solution.  
 
Tab. 2 
EDX analysis of grey particles 
Element  Weight %  Atomic %   
            
Al K  67.77  81.78   
Fe K  15.05  8.77   
Ni K  15.27  8.47   
Cu K  1.91  0.98   
       
Total  100.00     
 
 
Fig. 1. Secondary phases in the prime form after hot 
pressing. REM  
 
Tab. 3 
Point EDX analysis of white particles 
Element  Weight %  Atomic %   
            
Mg K  1.60  2.13   
Al K  68.09  81.90   
Ni K  11.65  6.44   
Cu K  18.66  9.53   
       
Total  100.00     Materials Engineering, Vol. 16, 2009, No. 3   
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         Much less frequent are the black particles in the 
surface labeled B. They are in size max.  3 ÷ 4  m. 
The measured chemical composition allows to suppose 
they are Mg2Si, or Al2MgSi particles. Most of all the 
Mg2Si particles can have a contribution to hardening. 
         The  third  type  of  particles  identified  in  the 
picture are the white particles up to 1  m in size. They 
are  small  so  the  point  EDX  analysis  was  applied. 
The results are in Tab. 3. It is possible to point out 
that they are  AlCuNi particles. Because they are in 
specimens  after  T6  treatment  unaffected  we  do  not 
suppose their contribution in precipitation hardening. 
 
Tab. 4   
EDX analysis of fine particles 
Element  Weight %  Atomic %   
           
Mg K  5.67  7.07   
Al K  74.13  83.29   
Cu K  20.19  9.63   
       
Total  100.00     
 
         A higher Cu content was found in fine particles 
less  than  1   m,  which  were  identified  in  large 
magnifications only.  EDX analysis (Tab. 4), allows 
to suppose they are type Al2CuMg, or Al2Cu particles 
offering  the  highest  potential  for  precipitation 
hardening in the alloy. 
 
 
 
Fig. 2. The microstructure after solution annealing, 
7,2 % cold work, and artificial ageing  
 
        The  microstructure  after  solution  annealing, 
7.2 %  cold  work,  and  artificial  ageing  is  in  Fig.  2. 
All three types of particles visible in the prime state 
Fig.1 remained. In some dominant Al3NiFe particles 
microcracks  were  identified  caused  by  cold  work 
(signed by arrows). 
        Polyhedric  grains  about  40   m  in  size  were 
identified in the microstructure before as well as after 
cold work. 
        The  size  of  polyhedric  grains  did  not  change 
after cold work. Some of the grains were deformed 
slightly, in some of them slip bands are visible Fig. 3. 
The  size  and  distribution  of  insoluble  intermetallic 
particles did not change. 
 
 
 
Fig. 3. Slip deformation bands in the microstructure 
after  7.2 %  cold work and ageing.   
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Fig. 4. The dependence of the yield strength Rp0.2 
on the place in the cross section of the bar 
 
        Longitudinal  test  pieces  for  static  tensile  tests 
were  cut  off  from  the  whole  cross  section  of  all 
examined  states.  The  highest  strength  properties  – 
yield strength Rp0.2 and ultimate tensile strength Rm 
were found after cold work 7.2 % and next artificial 
ageing  –  Fig.  4  and Fig.  5.  The  hardening  without 
cold  work,  after  solution  annealing,  resulted  higher 
UTS  and  much  higher  yield  strength,  than  solution 
annealing with 7.4  % cold work, but without ageing. 
         The  absence  of  precipitation  hardening  by 
ageing is significant and it is decreasing first the yield 
strength Rp0.2. As foreseen the lowest strength was in 
prime state, with no cold work and no precipitation 
hardening. 
          Strength  values  Rm  varied  the  most  by  the 
place in the cross section tested. In the prime state the 
highest values were measured for test pieces from the 
middle. In the aged state the highest values of UTS 
were in the perimeter.  It is supposed because of the 
higher content of alloying elements in the perimeter of 
the extruded bar. Materials Engineering, Vol. 16, 2009, No. 3 
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Fig. 5. The dependence of the Ultimate tensile 
strength on the place in the cross section of the bar 
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Fig. 6. The dependence of the reduction in area Z 
on the place in the cross section of the bar 
 
     The  dependence  of  the  reduction  in  area  Z  on 
the place in the cross section of the extruded bars is in 
Fig.  6.  The  states  where  precipitation  hardening  by 
ageing played a role showed the lowest reduction of 
area  Z  about  20 %.  The  highest  reduction  of  area 
values  were  measured  for  the  prime  state,  then 
followed by the state with 7.4 % cold work, but no 
precipitation hardening. 
 
Tab. 5    
Obtained values of HB, Rm/HB and Re/Rm 
   HB  Rm/HB  Rp0.2/Rm 
Prime state  80  3.57  0.56 
Ageing  135  3.22  0.87 
7.4 % deformation  124  3.42  0.78 
7.2 % def + ageing  141  3.23  0.94 
 
 
       Three  HB  measurements  were  made  on  every 
state. The averages are listed in Tab. 5. The highest 
values  of  the  coefficient  Rm/HB  were  obtained  in 
specimens  with  the  lowest  coefficients  Rp  0.2/Rm. 
The  highest  hardening  with  coefficient  Rp0.2/Rm 
was  obtained  in  the  state  after  cold  work  7.2 %  
and precipitation hardening: 0.94. 
 
4. Conclusions  
           In  the  given  work  the  influence  of  thermal 
treatment and small cold work on the microstructure 
and mechanical properties of the EN AW 2618A Al - 
alloy  products  was  examined.  The  next  conclusion 
can be made: 
1. Four types of secondary particles were identified in 
the  experimental  alloy.  Of  those  the  intermetallic 
particles type Al2CuMg (or Al2Cu) are supposed to 
be decisive in the process of precipitation  hardening 
and  strengthening  of  the  final  part.  The  role  of 
Mg2Si  particles  (or  Al2MgSi)  in  precipitation 
hardening is limited for the low content of Si in the 
alloy.  The  remaining  two  types  of  secondary 
particles  (Al3NiFe  and AlCuNi)  are  not  soluble 
enough during the thermal treatment.  
2. Major portion in secondary particles is occupied by 
Al3NiFe  particles,  which  are  up  to  5  m  large. 
Their distribution and size influences significantly 
the  tolerance  to  mechanical  load  more  at  higher 
temperatures. 
3. The  strength  properties  of  the  experimental  Al  - 
alloy  are  influenced  most  of  all  by  precipitation 
hardening - ageing. The thermal treatment containing 
solution  annealing  and  next  artificial  ageing 
increased the tensile strength 52 % above the prime 
state  value.  The  combined  treatment  containing 
solution annealing, cold work, and artificial ageing 
resulted the increase of strength 59.4 %. 
4. Uneven  distribution  of  mechanical  properties 
across the cross section was detected. It is supposed, 
it  is  caused  by  the  higher  content  of  alloying 
elements in the perimeter of the cross section.  
5. The  strengthening  contribution  of  mechanical 
deformation  by  compression  in  a  press  increased 
the yield strength to 106.8 %, on the other side the 
yield strength increased by precipitation hardening 
to 136.6 %. 
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